To examine the early effect of SBA on Kagura-2 cells, the colony formation assay was carried out. As shown in Fig. 3 , the colony formation ability of Kagura-2 cells was reduced depending upon the exposure time to SBA. In contrast to the results of the time course experiment of cytotoxity, only after 3 hr of the exposure to SBA, the colony formation ability was inhibited >20% as compared with the control and >80% of inhibition was observed after 48 hr of the treatment.
The results indicate that SBA irreversibly interferes with the growth regulatory system of Kagura-2 cells shortly after the treatment and ultimately induces the cell death assessed by the trypan blue exclusion method.
Evidence of apoptotic cell death To examine whether the cell death induced by SBA is apoptosis, we first analyzed the DNA fragmentation profile in the cells treated with various concentrations of SBA for 48 hr. As shown in Fig. 4 , a substantial amount of DNA was cleaved into a typical DNA of oligonucleosomal fragments. When the cells were treated with 0.5 mg/mI of SBA, DNA fragmentation was detectable whithin 12 hr (data not shown).
The morphological changes in SBA-treated cells were also investigated. Phase-contrast microscopic investigation revealed that the dying cells were shrunken and rounded up, giving the appearance of membrane blebbing into cellular fragments (Fig. 5-B) . Staining of SBA-treated cells with Hoechst 33258 showed that in conjunction with the induction of internucleosomal DNA fragmentation, the cells expressed extensive morphological features of apoptosis such as nuclear fragmentation and formation of apoptotic bodies (Fig. 5-D) . Electron microscopic analysis indicated that significant chromatin condensation and nuclear fragmentation were evoked by SBA ( Fig. 5-F) . Based on the observations of DNA fragmentation, chromatin condensation and morphological changes in SBA-treated Kagura-2 cells, it was demonstrated that the cell death of Kagura-2 cells induced by SBA is a typical apoptosis.
Inhibition of SBA-induced apoptosis by cycloheximide (CHX) Apoptosis often requires new Effect of SBA on endonuclease activity and c-myc gene expression In thymocytes it has been demonstrated that endonuclease activities are induced in the early stage of apoptosis primed by DEX.
In addition, SBA-induced apoptosis was significantly inhibited by CHX as described above. We analyzed endonucleases in SBA-treated Kagura-2 cells. Nuclear proteins were extracted from the cells treated with 0.5 mg/ml of SBA for 12, 24 and 48 hr and then were analyzed on 12.5% SDS-polyacrylamide gels for nuclease activities. As shown in Fig . 7 , any changes of endonuclease activities were not observed. Picture of ethidium bromide stained gel is included to allow comparison of total amount of RNA employed (B). Each fraction was assayed for the cell growth of Kagura-2 cells and DNA synthesis in Balb/3T3 cells. Each value is the average of duplicate culture dishes. (B) Kagura-2 cells were cultivated in serum-free medium supplemented with P1, P2 or P3 fraction for 6 days and then DNA fragmentation was analyzed by 2% agarose gel electrophoresis. Lane 1, size marker ; lane 2, serum-starved control ; lanes 3 to 5, addition of P1, P2 and P3 fractions, respectively.
cells DNA fragmentation was detected, showing that the cell death induced by serum starvation is apoptosis. As shown in Fig. 10 -B, P1, P2 and P3 fractions efficiently inhibited DNA fragmentation induced by serum starvation. This result suggests the possibility that these three fractions act as a survival factor against apoptosis.
These results led us to examine whether the three fractions inhibit apoptosis induced by SBA. As shown in Fig. 11 -A, P3 fraction significantly inhibited SBA-induced cell death, while P1 and P2 fractions did not show an inhibitory effect. P3 fraction also suppressed DNA fragmentation primed by SBA. The data suggest that SBA may induce apoptosis in Kagura-2 cells through the interference with the function of growth/survival factors or their signal transduction pathways.
P3 fraction contains a FGF-like factor, which strongly binds to heparin-Sepharose column and is eluted with 2 M NaCl. Accordingly, we examined the effect of recombinant bFGF on the DNA synthesis in Kagura-2 cells. As shown in Fig. 12 , bFGF stimulated DNA synthesis as well as insulin. However bFGF exhibited no effect on SBA-induced apoptosis in Kagura-2 cells The inability of cells with deregulated c-myc to arrest upon serum or factor deprivation suggests that apoptosis is caused by incompatible growth signals resulting from the signal to proliferate from c-myc and the signal to arrest from serum or growth factor deprivation.
These conflicting growth situations may be irreconcilable, causing cell death. Therefore, the strict regulation of c-myc gene expression may be required during normal cell growth, because c-myc induces both proliferation and apoptosis.
The specific factor required for the survival of cells expressing deregulated c-myc is clarified in Rat-1 cells. This may represent a safety mechanism for checking inappropriate cell proliferation involving c-myc.
In this regard, we found that SBA-induced apoptosis in Kagura-2 cells having wild type p53 gene, was significantly inhibited by a synthetic glucocorticoid, DEX, insulin, and P3 fraction of K2CM which can stimulate the growth of Kagura-2 cells and inhibit apoptosis induced by serum deprivation.
Furthermore, tamoxifen-induced apoptosis was suppressed by the addition of antisense c-myc oligonuleotides (Myobudani et at., unpublished observation).
Taking into many other reports described above and our results, it seems likely that c-myc plays a critical role in SBA-induced apoptosis in Kagura-2 cells. It is also possible to postulate that SBA induces apoptosis through the interference with the function of growth/survival factors acting in an autocrine and/or a paracrine manner or their signal transduction pathways as one of the modes of action of SBA.
P3 fraction prepared from K2CM by Sephadex G-200 column chromatography contains a FGF-like factor and a 17 kDa neuronal differentiation factor, which strongly bind to heparin Therefore, we examined the effect of recombinant bFGF on DNA synthesis and SBA-induced apoptosis in Kagura-2 cells. bFGF significantly enhanced DNA synthesis but did not inhibit apoptosis induced by SBA, although P3 fraction acting as a survival factor for SBA-induced apoptosis, These data suggest that at least the FGF-like factor in P3 fraction is not bFGF, and also indicate the possibility that the survival ability of growth factors to inhibit apoptosis is not simply dependent on their competence to promote cell growth.
The neurotrophic factors including nerve growth factor (NGF), brain-derived nerve growth factor (BDNF), neurotrophin-3 (NT-3), NT-4 and NT-5 utilize the trk protooncogene family of receptor tyrosine kinase and act as a neuronal survival f actor. When trk A gene encoding NGF receptor was expressed in NIH/3T3 fibroblasts, NGF is a powerful mitogen that can induce resting NIH/3T3 cells to enter S phase, grow in semisolid medium, and become morphologically transformed. The similar effect was reported for BDNF. Recently, we detected the expression of trk B gene encoding the receptor for BDNF and NT-5 in Kagura-2 cells. The level of trk B mRNA in Kagura-2 cells was higher than that of adult rat brain. In addition, the 17 kDa neuronal differentiation factor is thought to be a factor related to NGF family. Although the survival activity of the 17 kDa neuronal differetiation factor for Kagura-2 cells has not been examined yet due to the difficulty of its purification, it seems likely that the real survival factor of P3 fraction against apoptosis induced by SBA is the 17 kDa factor.
Verification of various cooperative genetic lesion in multiple steps of carcinogenesis is a major issue in cancer reserch. Cooperating oncogenes are categorized as those which compliment each other in signal transduction pathways of many growth factors. This means that the growth advantage acquired the synergic action of multiple oncogenes is the results of a balanced mitogenic signal which constitutively stimulates both cell cycle progression and cell survival.
Although only overexpression of c-myc gene without serum causes apoptosis, c-myc gene seems to be very imortant in oncogene synergy. It has been reported that c-myc synergizes with ras, raf and anti-apoptotic bcl-2 oncogenes in cell transformation. Moreover, by its interaction with Bcl-2 protein, Raf-1 kinase has been reported to prevent myeloid cell apoptosis induced by the withdrawal of IL-3.
Taking into these facts and our present data, it seems likely that the survival signal of P3 fraction to inhibit SBA-induced apoptosis is transferred to anti-apoptotic bcl-2 family of genes through ras and raf oncogenes involving in signal transduction pathways.
Elucidating the possible role of the survival factors in P3 fraction to inhibit SBA-induced apoptosis in Kagura-2 cells should provide further information for understanding the molecular mechanism of AFB1 hepatocarcinogenesis.
